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@ Peptides. 

@ Use, in the preparation of a medicament for use in the 
prevention or treatment of pain, of 
(a) a peptide of formula (I): 

X — N — CH— CO — Y 

^ Jh ': 

CH ' 

T- 1 

^ wherein X is 

H 2 N-(CH 2 )4-CH{NH 2 )-C( = P)- or 

CNJ H 2 N-C( = NH)-NH-(CH 2 )3-CH(NH 2 }-C( = 0)-. 

^ and Y is a hydroxy group or an amino acid residue. 

^ (b) the C-terminal amide thereof, or 

in (c) a pharmaceutical^ acceptable salt of the said peptide or 

S amide; with the proviso that the peptide of formula (i) is not 

CO Lys-Pro-Arg, Arg-Pro-Tyr, Arg-Pro or Lys-Pro. 
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Description 



PEPTIDES 



to 



15 



20 



25 



The present invention relates to peptides, to their preparation and to their use 

The term lnterleukin-1 (IL-1) describes two pluripotent inflammatory proteins" produced by activated 
macrophages and other cell types. Two genes encode the two forms of IL-1. IL-1 a and IL-1 B which have am no 

^ffl u ^ e ^™^T h .°H OIO h 9 ^ N h everthe,ess ' ,L - 1a and ,L - 1P are reported to have simKiSS 

evidPnrP mlt ZhT* b0th mo,ecules a PP ear *° act at the same receptor. There is good 

S 1 ^ r ° le 35 3 haem °P° ietic 9rowth factor and in the pathofogy of a number of 

inflammatory diseases. Also, IL-1 has anti-tumor activity "umoer or 

and?L WhiCh S6nSitiSe pain rece P tors in ™n and in experimental animals, !L-1a 

aaen • wifh Qes.c activity. It was found that IL-1 P is an extremely potent hyperalgesic 

whLh vZ e^ai^Tn^n T S th ? VitV ° f ,L " 1a - FUrth6r ' 3 fami| y ° f P g P tides has been discovered 
pep^ * ^ «« b V other inflammatory agents. These 

or^^ P — « a -^-nt for use in the 

O 

X - N CH - C - Y 



CH CH 0 

\ / 



<I) 



wherein X is 

H 2 N-rCH 2 ]4-CH(NH2)-e( = 0)- or 

H 2 N-C( - NHj-NH-[CH 2 ] 3 -CH(NH 2 )-C( =0)- 

30 T» ceD«d B ^7^rm ^ an K amin t °. aC J d reSidUS; 6XC,Uding L y s - P ™-Arg, Arg-Pro-Tyr, Arg-Pro and Lys-Pro. 

^ISd^inr^T^ ( ) T*n* 1P 6 f ° rm ° f itS C " terminal amide - A Pharmaceutically acceptable salt of the 
peptide of formula (I) or its C-terminal amide may be used 

An article by D.B. Richards and J.M. Upton in Peptides 5 (1984) 815 - 817 discloses the antipyretic effect of 
~ £V:S^ ^ feb t ri,e rabbitS " S ° me ° ther PePtWesof formula (I) are known but s^mfare novel 

~ ,r^rZlt\l^ 9 T< * nV t nt '° n prOVldeS a ? e P tide of formula (■)■ C-terminal amide or pharmaceutically 
acceptable salt as defined above, with the further proviso that the peptide of formula (I) is not* 

fi) a peptide of formula (III): w 
Lys-Pro-Yi (III) 

wherein Y 1 is Val, Phe, Pro, Gly, Thr. Lys or Glu; 
jo t\i) a peptide of formula (IV): 
Arg-Pro-Y 2 (IV) 

wherein Y2 is Val. Phe, D-Pro, Pro, Gin, Gly, Lys, Arg or Glu- or 
hh) Arg-D-Pro-Pro, Arg-D-Pro-Lys, D-Lys-Pro or Arg-D L-Pro 

-■ C Z^Zrl°,VJ S °f^ d t 5 a Pr ° CeSS f ° r the P re P arati °n of the novel peptides of formula (1), their 
?:Z r ™l T T the pharmaceutically acceptable salts of these peptides and amides, which process 
'hZZ r ^ syn hesising a said peptide, optionally as a C-terminal amide, and, if desired, converting 
ine resulting compound into a pharmaceutically acceptable salt thereof 

either^ nLThTi tUe ? 1 acid T r u esidues of the P^tide of formula (I) which is chiral may be present as 

- , . SJ h n^ ^ L ° pt ' Ca ?° mer - The D isomer is Particularly preferred in the case of the central proline 
c^i i f ! ^ tt6r Sy f^ ° f den ° ting amin ° aCids ' in which the s V mbols denote the L 
ide o UarmJam £ min ° Un ' SSS ° therwise stated " X ma V be Lys, D-Lys, Arg or D-Arg. Indeed a 
H^t-de of formula (I) may be present as a racemic mixture or as an optically pure isomer- Preferably X is Lys or 

- V'oMto In^K X a 9 H° UP -IT 6 P ! PtidS ° f f ° rmUla (,) iS 3 d| P e P tide - H ™ever. tripeptides are preferred. Y is 
" P^IZ'y + ^ S,dUe - M ° re P articu,ar| y Y is generally a naturally occurring amino acid residue, 

amino acid rZ\Zl * UnZlH T", 0 *? ld resi « ue - A " ali P hatic ami ™ acid residue is preferred to an aromatic 
WninJ t fa amin ° aCid reSidue to an acidic amino acid residue.'lh- particular Y may be a 

^ ^7^z^^; s a threonine residue * one emb — ° f ^ ^ * <<> * a 

60 
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H 3 N - CH - CO 




(CH 2 ), CK 2 Lh 2 | (II) 

\ ^\ CK -^^ CH 3 

aspartic acid or asparagine. pro-Thr Lvs-D-Pro-Thr. Lys-ProA/al and Lys-D-Pro-Val. 

Especially preferred P-Pt'^J^^^^,]^ Zrg D-Pro-Val. D-Arg-D-Pro-Val, Arg-Pro-Thr. 
Also preferred are D-Lys-Pro-Thr Arg-Pro-Va^ D-Arg Pro V£ Arg Lys-D-Pro or Arg-D-Pro. 

D-Arg-Pro-Thr. Arg-D-Pro-Thr and D-Arg-D-Pro-Thr. A d^e^tde may^^^ a |$ ^ up 

The peptides of formula (I), both new and old. ca ,n be P^Pared °V =ne y may 

by condensation of the constituent ammo ac,ds,n h order ^^Z°t. Solid-phase or solution methods 
be obtained with a free carboxy or amide (-CONH2) group atiis < ^ „ |ly accep table salt if desired, 

may be employed. The resultant peptide may ? e conve «™ C-terminal 

in solid-phase synthesis, the ammo ac,d ^ »^ t , de P ha8 q been produced , „ is cleaved 

amino acid which is bound to an insoluble res.n. When the , desired p p ^ ^ ^ from ^ 

— d throughout by a suitab,e pro,ectin9 

^e^t^^^ 

system typically has a protected am.nc , group , an [^^^o^HBoc) group. A carboxy group may , 
protected by the "uoren-9-yimethoxyca; *^™^^» c J™S y J ne ester. Each condensation step 
be activated as a pentafluorophenyl or ^°-f.^°'°^° "l or -,. nvdr oxybenzotriazole. The side cha,n am.no 
may be effected in the presence of ^yclohex^carbod.imide or 1hydro_ y (heir ethers jn the 

group of lysine and the side chain hydroxy group » * r 7 ™ d bu tyloxycarbonyl derivative (lysine), 
case of serine and threonine), butyl esters On c ase of £p art c aa d) y y ^ protectjng 
and 4,4'-dimethoxyben Z hydryl 0^ ■ ^ ^»^ wwd J tne end of tne syn , he sis. 

group is removed. Any side-cham P^^^^^^^ c-terminal amide group/In solid phase 
The peptides may be prepared with ^»^^S-ilno acid is linked to the resin support 

group. Arhmonolysis can give the corresponding amide » '"^a^ js js tQ arrange for th e C-terminal 

An alternative method of obtaining a pept.de am.de by so p ™nobenzhydryl bond. This can be tormed by 
amino acid of the peptide to be linked to the ^^^^^^^ the cold. For so.ution phase 
coupling with dicyclohexylcarbodKm.de and can I ^^« d ^ P dep end up0 n how the carboxy group 
synthesis, whether a C-terminal carboxy or am.de group ***™£™* U °^* A peptide with a C-terminal 
of the C-terminal amino acid is blocked and ar he end the ^JV g d ^^rsa. 

carboxy group can be converted tnto ° n *^ salt.lt^aT^converied into an 

The resultant peptide may be converted into a £ acetj succjnic and hyd rochlor«c 

ss is^z -^^^^^^ - - the »— sa,t or an 

prevented in a human or animal by ad p ^'™ therefore^ alleviated. 

C-terminal amide or pharmaceutical^ acceptable salt tnereoT. ra 

Accordingly, the present invention provides a pept.de of formula (I) . 



X-N 



-CH-CO-Y ( I ) 



CH 2 ^CH 2 
\ 



"CH. 
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wherein X is 60 
H 2 N-(CH 2 )4-CH(NH 2 )-C( = b)- or 



H 2 N-C( = NH)-NH-(CH2)3-CH(NH 2 )-C( = 0}-, Ara-Pro-Tyr, Arg-Pro and Lys-Pro; 



65 
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and its D-Pro racemate antagonise hyperalgesia evoked by 11-1 p. However, the all L compound has also been 
found to act as an agonist at certain concentrations; doses in rats of > 50 ug/150g rat evoke hyperalgesia. 
The D-Pro compound did not exhibit this agonist activity and is therefore preferable to the all L compound even 
though its analgesic activity is less than that of the L compound. The ED 5 o values in rats of Lys-Pro-Thr and 
Lys-D-Pro-Thr have been calculated as approximately 25 and 85 ug/150g rat respectively. It has further been 
found that the tripeptides Lys-Pro-Val and Lys-D-Pro-Val are more potent antagonists of IMS-evoked 
hyperalgesia than Lys-D-Pro-Thr. 

Additional evidence of the more potent antagonist activity of the tripeptides having a C-terminal valine 
residue, compared to those having a C-terminal threonine residue, comes from the fact that both Lys-Pro-Val 
and Lys-D-Pro-Val antagonise hyperalgesia evoked by PGE 2 . This activity is not exhibited by Lys-Pro-Thr or 
Lys-D-Pro-Thr. Lys-Pro-Val and its D-Pro racemate in fact antagonise PGE 2 evoked hyperalgesia at higher 
dosage levels than those at which they antagonise 11-10 evoked hyperalgesia. The ED 50 values in rats are 
approximately 170 ug/150 g rat and 140 ug/150 g rat respectively for Lys-Pro-Val and Lys-D-Pro-Val 
antagonising PGE 2 evoked hyperalgesia. For IM0 evoked hyperalgesia the relevant ED 50 values are 70 ug/150 
g rat and 40 ug/150 g rat respectively. 

None of the tripeptides of the present invention are antagonists to hyperalgesia evoked by dibutryl cyclic 
adenosine monophosphate (DbcAMP). The lack of any such effect contrasts strongly with morphine which is 
an effective antagonist to hyperalgesia evoked by DbcAMP. This therefore provides one indication that the 
peptides of formula (I) are not morphine-iike in their activity. 

An advantage of the peptides Lys-Pro-Thr and Lys-D-Pro-Thr is that, unlike both steroidal and non-steroidal 
(aspirin-like) analgesic drugs, as mentioned above they do not inhibit prostaglandin production which has a 
proactive role in the stomach. Steroidal and non-steroidal (aspirin-like) drugs cause gastric lesions which limit 
their usefulness, particularly in the treatment of symptoms of rheumatoid arthritis for which 11-10 may in part be 
responsible. This problem of gastric lesions can therefore be obviated by use of the peptides of formula (I) and 
its salts. 

A peptide of formula (I) and its C-terminal amide and salts may be given-orally or parenteral^, for example 
subcutaneously, intravenously, intramuscularly, intraperitoneally, intranasal or by buccal administration. 
Typically, a compound is administered to a human or animal in an amount of from 0.2 to 2 mg/kg per dose by 
either the oral route or a parenteral route. 

For use, a peptide of formula (I) or a C-terminal amide or salt thereof is generally formulated with a 
pharmaceutically acceptable carrier or diluent. Conventional formulations, carriers, adjuvants and diluents may 
be employed. These will generally be determined by the route of administration. 

The following Examples 1 to 19 illustrate the invention. A Reference Example showing that IL-1p is a potent 
hyperalgesia agent is also provided. In the Figures referred to in the Examples and the Reference Example: 

Figure 1 shows the High Performance Liquid Chromatography (HPLC) trace of the purified peptide 
Lys-D-Pro-Thr (Example 3); 

Figure *2 shows the HPLC trace of- purified KPV (Example 4); 

Figure 3- shows the HPLC trace of purified K(D)PV (Example 5); 

Figure 4 shows the hyperalgesic effect, of IL-ip and its attenuation by pretreatment with indomethacin 
fReference Example); 

Figure 5 shows the effect of three peptides on hyperalgesia evoked by IL-ip (Example 6); 
Figure 6 sttows the hyperalgesic responses to IL-1<x and IL-ip and the effect of peptide K(DjpT on those 
responses (Example 7); 

Figure 7 shows the effect of K(D)PT on the hyperalgesia evoked by PGE 2 , carrageenan and IL-ip (Example 

3) : 

Figure 8 shows the HPLC trace of the peptide of Example 16; and 
Figure 9 shows the HPLC trace of the peptide of Example 17. 

Example 1: Preparation of Lys-Pro-Thr 

The tripeptide Lys-Pro-Thr was synthesised using the Fmoc- poly amide method of solid-phase peptide 
synthesis (Dryland and Sheppard, Peptide Synthesis 8 "A system for solid phase synthesis under low pressure 
continuous flow conditions" J. Chem. Soc. Perkin. Trans. 1, 125, 1986). The solid phase support was a 
pclydtmethylacrylamide polymer constituted from the three monomers dimethylacrylamide (backbone 
monomer), bis-acryloyl-ethylene diamine (crosslinker) and acryloylsarcosamine methyl ester, (functionalising 
agent). The peptide to resin cleavable linked agent used was the acid labile 4-hydroxymethyl-phenoxyacetic 
acid derivative. 

^ All amino acid derivatives were added as their preformed symmetrical anhydride derivatives. Temporary 
Nr/.-ammo group protection was afforded by the Fmoc group. Repetitive cleavage of this group was effected 
using 20o/o piperidine in N,N-dimethylformamide. Side-chain function alities were protected as the butyl ester 
(threonine) and butyloxycarbonyl derivative (lysine). 

Alter completion of the synthesis, the resultant peptide was cfeaved from the resin support with 95<Vo 
tnfluoroacetic acid (TFA) containing a 5<Vo scavenger mix. The peptide was purified by HPLC. Purity was 
established by camino acid analysis and by Fast Atom Bombardment Mass Spectrometry (FAB-MS): 
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# 



amino acid analysis - 
calculated found 



thin layer chromatography: 

1. B:P:A:W at 60:20:6:24 gave a single spot, ninhydrin positive, Rr 0.21 

2. B:A:W at 3:1:1 gave a single spot, ninhydrin positive, R ( 0.24. 



amino acid analysis - 
calculated found 

1 1.00 Lys ... 5 

1 0.95 Pro 

1 0.98 Thr 

FAB-MS: 10 
positive ion spectrum gave M + H + at m/z 345 (molecular weight is 344.415 (344)). 

The purity was > 80%. Purification to > 95°/o was carried out by reverse-phase HPLC using a Hypersi! 
(Trade Mark) WP 300 Butyl Column (150 x 4.6 mm). The buffers were: A = 0.250/o TFA and B = 0.25% TFA is 
CHaCN. Detection was by UV at 225 mm and the preparative load was 0.5 mg. 

15 

Example 2: Preparation of Lys-D-Pro-Thr (1) 

The tripeptide Lys-D-Pro-Thr was synthesised and purified in accordance with the procedure described in 
Example 1. Purity was established by amino acid analysis, FAB-MS and HPLC: 

amino acid analysis 20 
calculated found 

1 1.03 Lys 

1 1.05 Pro 25 

1 0.91 Thr 

FAB-MS: 

positive ion spectrum gave M + H + at m/z 345 (molecular weight is 344.415 (344)) 30 
HPLC: 

column: uBondapak Cie 3.8 mm x 30 cm 
solvent: linear gradient 5-95% B over 20 minutes; 

A = 0.1% TFA/H2O and B = 0.1% TFA/CH3CN; flow rate 1.5 cm 3 min" 1 35 
detection: UV at 230 nm. 

The purity was >80%. This was increased to >95% as described in Example 1. 

Example 3: Preparation of Lys-D-Pro-Thr (2) 

The tripeptide Lys-D-Pro-Thr was also prepared by solid-phase synthesis using the Boc ammo-protecting 40 
group. The starting resin was Boc-Thr-(benzyl{Bzl))-0-Resin. On deprotection with 20% TFA/DCM 
(DCM = dichloromethane) followed by neutralisation with 10% triethylamine the Boc-D-Pro was coupled 
using DCC (DCC = dicyclohexylurea)/DCM. Successful coupling was ascertained via the Kaiser test. Following 
deprotection'and neutralisation of the Boc-D-Pro residue the final residue was coupled as the Boc-Lys- 
[benzyloxycarbonyl(Z)) derivative to give the peptide resin. 45 

The peptide resin was subjected to HF cleavage at 0°C for 45 minutes to give the crude peptide. Anisole was 
used as a scavanger during the cleavage. The crude peptide was purified on "Kieselgel 60" silica using a 
mobile phase of butanol : pyridine : acetic acid : H 2 0 (B:P:A:W) of 90:90:18:72. After removal of the solvent in 
vacuo the sample was lyophilised from water to yield the pure peptide. 



50 



.1 1.04 Lys 55 

1 0.95 Pro 

1 0.89 Thr 



60 
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HPLC: 

The trace obtained is shown in Figure 1 in which I denotes the solvent front. HPLC mode: Gilson. Column: 
Vydac C.18. Solvents: A 0.05M NaHaPCU and B 600/o CH3CN in A. 
Gradient: linear 0 to 1000/o B in 40 minutes. 
5 Recorder: 2 mm/min. Detector: 210 mm AUFS. 

Example 4: Preparation of Lys-Pro-Val 

The tripeptide Lys-Pro-Val (KPV)was synthesised and purified in accordance with the procedure discribed in 
Example 1." Purity was established by amino acid analysis and HPLC: 

r0 

Amino Acid Analysis 



15 





Lys 


Pro 


Val 


Calcu- 


1.00 


1.00 


1.00 


lated: 








Found: 


0.87 


1.15 


0.98 



20 HPLC 

The HPLC trace of the purified tripeptide is shown in Figure 2. 
Column: Vydac Cia 4.6mm x 25cm 
Solvent: Linear gradient 0-300/o B over 30 mins 
Flow rate: 1.5 cm 3 min -1 
25 A = 0.10/0 TFA/H2O 

B = 0.1% TFA/CH3CN 
Detection: UV at 230nm. 

Example 5: Preparation of-Lys-D-Pro-Val . 
30 This tripeptide was synthesised and purified as described in Example 4. Analysis results are as follows: 



Amino Acid Analysis 



35 





Lys 


Pro 


Val 


Calcu- 


1.00 


1.00 


1.00 


lated: 








Found: 


1.25 


1.00 


0.75 



40 

HPLC 

The HPLC trace of the purified tripeptide is shown in Figure 3. 
Column: Vydac Cia 4.6mm x 25cm 
Solvent: Linear gradient 0-30% B over 30 mins 
45 Flow rate: 1.5cm 3 min -1 
A = 0.10/0 TFA/H2O 
B - C.10/0 TFA/CH3CN 
Detection: UV at 230nm. 

50 Reference Example: Hyperalgesic Activity of IL-1fi 

The hyperalgesic activity of IL-1p was investigated by a modified Randall-Sellito rat paw pressure test 
fFerreira et_al. Eur. J. Pharacol. 53, 39-48, 1978). The IL-10 (and the IL-1[3 used in Example 7) were human 
recombinant proteins purchased from Genzyme Ltd and calibrated against Interim Reference Reagents. 
55 (These are temporary biological standards from the National Institute for Biological Standards and Control, 
Potters Bar, GB: for IL-1a 1 unit = 10 pg and for IL-1p 1 unit = 10 pg). 

The development of bilateral hyperalgesia (nociception) after injection of IL-1p into one paw of rats and its 
at-er,iuation by pretreatment with indomethacin (INDO) was investigated. The lL-1p was given either 
intraplantar (ip!, injection volume = 0.1 ml) or intraperitoneal^ (ip, injection volume = 0.3 ml), indomethacin 
60 was given ipl. 100 iig in 0.1 ml. 

Hyperalgesia was evaluated by the application of a constant pressure of 20 mmHg to the hind paws of rats 
(Wistar strain, male, weight 135 - 170g) which was discontinued when animals presented a characteristic 
freezing reaction (reaction time). The intensity of hyperalgesia was quantified as the variation of the reaction 
time (A reaction time, sec) obtained by subtracting the value measured 1,2,3 or 4h after administration of the 
65 hyperalgesic agent from the pre-injection control reaction time (zero time). The experimenter was unaware of 
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the group treatments. . , _ , , „ 4 , M 1{5 . 

The results are shown in Figure 4. In Panel A, the IL-ip had been given ipt. The hyperalgesia effect of ll-ip in 
the injected paws (filled symbols and solid lines) and contralateral paws (open symbols and dotted lines) was 

determined. . . _ " nnA 

In Panels B and C the results are presented as "areas under curves expressed in arbitrary units and 
calculated from data obtained by measuring the hyperalgesia at intervals of 0. 1, 2, 3 and 4 h after the 
nociceptive stimulation (Ferreira eta[. 1978). The vertical bars are standard errors of the means (s.e.m s) of 
values obtained in groups of 5 rats. 

Panels B and C show the hyperalgesic effect of 0.05U of IL-1P given ipl and ip respectively and the effect of 
pretreatment with indomethacin 30 minutes beforehand. The pretreatment markedly attenuated the 
hyperalgesic response only in treated paws (I). There was no effect in contralateral paws (CL), suggesting that 
IL-1p causes hyperalgesia by releasing prostaglandin-tike substances in the vicinity of nociceptors. 

Example 6: Effect of peptides on hyperalgesia evoked by IL-1{3 

The effect of three tripeptides on the hyperalgesia evoked in groups of rats by IL-ip was studied. The three 
tripeptides were Lys-Pro-Thr (KPT), Lys-D-Pro-Thr (K(D)PT) and a peptide Lys-Asp-Asp (KDD) which is 
outside the scope of the invention. The results are shown in Figure 5. 

In Figure 5 Panel A shows the effect of pretreatment with KPT, K(D)PT and KDD, all given subcutaneously 
(sc) on the' hyperalgesic responses the the ip injection, 30 min later, of IL-1p\ Panel B shows the 
dose-dependent antagonism by K(D)PT of the hyperalgesic response to IL-ip (0.05U/150g). given ip 30 min 
later. Each symbol or histogram represents the mean response of 5 animals per treatment group. Vertical bars 
are s.e.m's. 

Example 7: Effect of peptide K(D)PT in hyperalgesia evoked by lL-1cc and IL-1p 

The hyperalgesic responses to IL-1a and IL-ip was evaluated in rats. The effect of K(D)PT on those 
responses was determined. The results are shown in Figure 6. The data are means ± s.e.m. 's of 5 animals per 
treatment group. The K(D)PT (200u.g/150g rat weight) was given sc, 30 min before the ip injection of IL-1. 

Figure 6 shows that inhibition of the bilateral hyperalgesic effect of IL-1p could be overcome by increasing 30 
the dose of IL-1 B which is consistent with competitive antagonism. Also from Figure 6 it can be seen that IL-1 p 
was about 3000 times more potent that IL-1 a as a hyperalgesic agent and that IL-1 a, which lacks the sequence 
Lys-Pro-Thr, was only weakly antagonised by K(D)PT. 

Example 8: Effect of peptide K(D)PT on hyperalgesia evoked by PGE 2 , carr ageenan and IL-ip 

The effect of K(D)PT on hyperalgesia evoked by PGE 2 , carrageenan and IL-ip was evaluated in rats. The 
results are shown in Figure 7. The panels show the temporal development of hyperalgesic responses to A: 
PGE 2 (100ng/paw) B: carrageenan (100ug/paw) and C: IL-ip (0.05U/paw). K(D)PT (200u.g/150g) was injected 
ip, 30 min before the ipl injections. Each symbol represents the mean response of 5 animals per treatment 
group. Vertical bars are s.e.m.'s.. . 

The oedema that developed after injection of carrageenan was measured, pletismographicaily (Ferreira, J. 
Pharm Pharmacol 31 648, 1979), 4h after the challenge. The oedema was not diminished by pretreatment 
with K(D)PT (data noTshown). K(D)PT given two hours after the IL-ip or carrageenan had no effect on the 
induced hyperalgesia, whereas centrally acting analgesics, eg. morphine and dipyrone, and the peripheral 
analgesic BW 443C are able to antagonise on-going hyperalgesia. Taken together with the finding that K(D)PT 
had no effect on PGE 2 -evoked hyperalgesia, these results indicate that the analgesic effect of K(D)PT was 
neither central or non-specific. 

Example 9: Effect of peptide K(D)PT on hyperalgesia evoked by acetic acid and lloprost 

The effect of K(D)PT on the hyperalgesia evoked in groups of 5 mice by acetic acid and lloprost was 
determined, lloprost is a stable analogue of prostacyclin and has the formula: 

55 



35 



40 



45 



50 



60 

OH 0H 

K(D)PT was given sc before the ip injections of 0.60/o acetic acid or lloprost (10ug/kg) which caused 65 
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10 



15 



20 



50 



contortions (writhing). The Wo inhibition of this response after pretreatment with K(D)PT is shown in Table 1: 



KfD)PT mg/kg 



TABLE 1 

% inhibition of 
response to 
acetic acid 
(0.6Q/0) 



% inhibition of 
response to 
lloprost 
(1 Pug/kg) 



0 


0 


0 


0.5 


11 


0 


2 


36 


27 


8 


45 


33 


32 


41 


38 



Example 10: Comparison of the effect of peptide K(D)PT and of indomethacin on hyperalgesi a evoked by 
acetic acid and Hoprost " — 

Example 9 was repeated with some groups of mice given indomethacin at various doses rather than the 
peptide K(D)PT. A control group of mice received neither indomethacin nor K(D)PT. The results are shown in 
Table 2. The data are the total number of contorsions measured during minutes after the ip challenge. 

TABLE 2 
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TREAT- 
WENT ip 
injection 


CON- 
TROL 


INDOMETHACIN (mg/kg) 
1.25 5.0 20.0 


.5 


K(D)PT (mg/kg) 
2.0 8.0 


32.0 


30 


ACETIC 


45.3 


34.6 


24.3 


19.3 


38.6 


31.6 


24.2 


25.6 




AC ID. 60/o 


±2.8 


±4.1 


±5.7 m 


±2.6 


±2.0 


±2.4 


±2.0 


±1.5 




C.1ml/10g 


(-o/o) 


23.60/0 


46.30/0 * 


57.40/0 


14.70/0 


30.20/0 


46.50/0 


43.40/0 


35 


ILO- 

PROS-T 

lOug/kg 


39.4 
±6.1 

(-0/0) 


36.4 
±4.3 
7.60/0 


29.2 
±2.7 
26.00/0 


21.3 
±1.3 
46.00/0 


34.6 
±3.7 
9.60/o 


26.0 
±2.4 
34.00/0 


22.4 
±1.1 
43.20/0 


23.8 
±3.1 
40.00/0 



KfDjPT was therefore effective in reducing contorsions induced in mice by the ip injection of acetic acid and of 
lloprost. A dose of 8 mg/kg of K(D)PT produced a maximal analgesia (no difference between 8 and 32 mg/kg) 
of the order of 450/o which corresponded to the effect of doses of 5 and 20 mg/kg of indomethacin. However, 
indomethacin caused gastric lesions in the mice whilst peptide K(D)PT did not. At a dose of 20 mg/kg of 
indomethacin, gastric erosions were caused in 1000/o of the mice. No lesions were observed with a dose of 32 
mg/kg of K(D)PT. 

Example 11: K(D)PT is not a centrally-acting morphine-like analgesic 

A standard hot plate (55° C) test was carried out. The results are shown in Table 3. The results are the mean 
3.e. m. of the reaction time obtaining by subtracting from the reaction time before treatment the values 
observed 1 hour after the administration of the two drugs. The Table shows that K(D)PT is not morphine-like. 



saline sc 
injection 

-1.1 
±0.4 



TABLE 3 
Morphine (mg/kg) 



3^0 

3.52 
:1.0 



9,0 

5.55 
±0.7 



(K(D)PT 
(mg/kg) 
32.0 

0.37 sec 
±0.4 



Example 12: K(D)PT is not aspirin-like (i.e. an inhibitor of cyclooxygenase) 

The effect of K(D)PT and indomethacin on PGE2 release by human blood mononuclear cells (MNC) was 
investigated. The MNC were isolated from buffy coat residues by density gradient centrifugation 
:Ficoll-hypaque. Sigma) and resuspended in RPMI 1640 culture medium (Gibco) + 20/0 inactivated foetal calf 
serum (Imperial Laboratories). Materials were added to the incubation media as shown in Table 4. K(D)PT and 
indemethacin were added 45 min before IL-1p or endotoxin. The results are shown in Table 4. Values are 
means of quadruplicates ± s.e.m.'s. PGE2 concentrations were measured by radioimmunoassay (NEN 
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# 



Research Products). 



TABLE 4 



a : E.coli 0113:H10:K(-) endotoxin; 
b : 25 pg/ml = 0.18 lU/ml 



Materials added to 


PGE 2 release (ng/ml) by MNC (5x10 s cells/ml) incubated for 


4h with: 


5 


incubation media 














Saline control 
{O.90/0 w/v) 


IL-la (SOU/ml) 


tL-fp (50ou/ml) 


E.coli endotoxin a 
(2opg/mi w ) 


10 


Saline control 


0.9 + 0.1 


1.8 ±01 


2.7 ±0.2 


3.5±0.2 


(0.9% w/v) 
0.10/0 v/v 


1.0±0.1 


l.D±U.l 


O O A-C\ 0 
tL.d. zHKi.d. 


3.5 ±0.2 




dimethylsulphoxide 
(control for K(D)PT) 
K{D)PT (200 g/ml, 
0.58 millimoies/L) 
0.012% v/v ethanof 


1.3 ±0.3 
1.3 + 0.2 


2.0 + 0.2 
2.0±0.2 


2.8 ±0.2 
2.1 ±0.1 


4.1 ±0.3 
3.1 ±0.2 


15 


(control for 

indomethancin) 

Indomethacin 


0.03 ±0.0002 


0.03 ± 0.0007 


0.03 + 0.0005 


0.03 ±0.0004 


20 


(2ug/ml, 5.9 
micromoles/L) 
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K(D)PT had no effect on production of PGE 2 by MNC whereas a hundred times lower dose of the potent 
aspirin-like drug indomethacin abolished PGE2 production by these cells. 

Example 13: Effect of peptides on hyperalgesia evoked by IL-1p 

The effect of the tripeptides Lys-Pro-Val (KPV), Lys-D-Pro-Val (K(D)PV) and Lys-D-Pro-Thr (K(D)PT) on 
hyperalgesia evoked in rats by IL-10 was studied. The results are given in Table 5 which follows. Treatments 
were given ip, fh before ll-ip, also given ip. There were 5 animals per treatment group. 
Delta reaction time was measured 3h after 11-1(3 administration. 

The Control was II- 1 p (0.05U), given ip. The result for the control group was 23.9 ± 0.5 ( = 100%). 

TABLE 5 



TREATMENT DELTA REACTION TIME (sec) 



PEPTIDE 



K(D)PT 

KPV 

K(D)PV 



DOSAGE ug/150g rat weight 

20 50 

Not tested 

18.8 ±0.3 

(-21.30/0) 
18.2 ±0.4 

(-23.90/oJ 



100 



200 



18.7 ±0.5 
(-21.8%) 
11. 3 ±0.5 
(-52.70/0) 
8.5±0.6 
(-64.40/0) 



12.8 + 0.6 
(-46.40/0) 
7.2 + 0.6 
(-69.90/0) 
3.8±0.7 
(84.10/q) 



6.3 ±0.4 
(-73.60/0) 
3.9 + 0.3 
(-83.70/0) 
2.8 + 0.6 
(-88.30/0) 



30 



35 



40 



45 



50 



Exa mple 14: Effect of peptides on hyperalgesia evoked by PGE 2 

The effect of the tripeptide K(D)PT on hyperalgesia evoked in rats by PGE 2 was studied. The results are 
shown in Table 6 below. Treatments were given ip, 1 h before PGE 2 was injected into the paw (ipl) . There were 5 
animals per treatment group. Delta reaction time was measured*^ after PGE 2 administration. Morphine 
(0.6mg/150g) reduced delta reaction time to 6.1 + 0.8 sec (-63.7%). The control was PGE 2 (100mg/paw). The 
results for the control group were 16.8 + 0.3 {= 1000/o). NT - Not tested. 
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TABLE 6 



TREATMENT DELTA REACTION TIME (sec) 



PEPTIDE DOSAGE ug/150g rat weight 

20 50 100 200 



K(D)PT NT NT NT 16.7 ±0.6 

(-0.60/0) 

KPV 14.9 ±0.4 13.0±0.3 9.9±0.2 7.8±0.6 

(-11.30/0) (-22.6O/0) (-41.10/0) (-53.60/0) 
K(D i pv 14.0±0.4 13.4 ±0.4 9.0 ±0.2 6.0 ±0.3 
(-1 6.70/0) (-20.2Q/0) • (-46 ±40/0) (-64.30/0) 



Example 15: Effect of peptides on hyperalgesia evoked by DbcAMP (control) 

The effect of the tripeptides KPV and K(D)PV on hyperalgesia evoked in rats by DbcAMP was studied. The 
results are given in Table 7 below. Treatments were given ip, 1h before DbcAMP was injected into the paw (ipl). 
There were 5 animals per treatment group. Delta reaction times were measured 3h after DbcAMP. Morphine 
(0.6mg/150g) reduced delta reaction. time to 6.2 ± 0.4 sec (-64.00/o). The control was DbcAMP (100ug/paw). 
The results for the control group were 17.2 ± 6.4 sec (= 1000/o). 



TABLE 7 



TREATMENT DELTA REACTION 



TIME 



PEPTIDE 


200u.g/150g rat weight 


KfD)PT 


17.8 d 


t 0.6 ( + 3.50/o) 


KPV 


15.8 


± 0.3 (-8.10/0) 


KfD)PV 


16.0 


±0.2 (-7.00/0) 



Example.16: Preparation of D-Lys-Pro-Thr 

The tripeptide D-Lys-Pro-Thr was synthesised and purified in accordance with the procedure described in 
Example t. Purity was established by amino acid analysis. FAB-MS and HPLC: 

a mino acid analysis 

calculated * f ound 

* 1 0.97 Lys 

1 1.03 Pro 

1 1 .00 Thr 



FAB -MS : 

positive ion spectrum gave M + hT at m/z 345 
(molecular weight is 344.415 (344)) 

HPLC : 

column : Vydac Ci 8 4.6 mm x 25 cm . 

solvent : linear gradient 0-300/o B over 30 minutes; 

A = 0.10/0 TFA/H2O and B = 0.10/ 0 TFA/CHaCN; 

flow rate = 1.5 cm 3 min -1 

The trace obtained is shown in Figure 8. 

Example 17: Preparation of Lys-D-Pro 

The dipeptide Lys-D-Pro was synthesised and purified in accordance with the procedure described in 
Example 1. Purity was established by amino acid analysis and HPLC. 
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amino acid analysis 

calculated found 



1.04 
0.96 



Lys 
Pro 



HPLC : 

column: Vydac Cis 4.6 mm x 25 cm 

solvent: linear gradient 0-100/o B in 30 minutes; 

A = 0.1 0/0 TFA/H2O and B = 0.1 0/0 TFA/CH3CN; flow rate 

The trace obtained is shown in Figure 9. 



1.5 ml min -1 ; chart speed = 5 mm- min -1 



Example 18: Preparation of Lys-D-Pro-Asn 

The tripeptide Lys-D-Pro-Asn was synthesised and purified in accordance with the procedure described in 
Example 1. Purity was established by HPLC under the same conditions as in Example 17, amino acid analysts 
and FAB-MS. 

amino acid analysis 



calculated 


found 




1 


1.00 


Lys 


1 


0.90 


Pro 


1 


1.03 


Asn 



10 



15 



20 
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FAB-MS: 

positive ion spectrum gave M + H + at m/z 358 
(molecular weight is 357.413). 

Example 19: Effect of peptides on hyperalgesia evoked by acetic acid 

The effect of peptides on the hyperalgesia evoked by acetic acid in groups of mice (LACA, male, 25-35g, 
6<n<9) treated with one dose of one of the peptides or with morphine, indomethacin or saline {0.1 ml/10g) 
was determined. Drugs were injected intraperitoneal^ (ip) or were give orally (po), 30 min before ip injection of 
acetic a'cid (0.6% v/v, 0.1 ml/10g). The number of contorsions (abdominal constrictions or writhes) was 
counted in the period between 1 0 and 20 min after ip challenge with acetic acid by an observer unaware of drug 
treatment. The median values were calculated and comprise the date given in Tables 8 to 11. The numbers in 
parenthesis are the 0/0 reductions from control values in mice injected with saline control. 

From Tables 8 to 11 it can be seen that the tripeptides K(D)PV (Example 5), (D)KPT (Example16), KPT 
(Example 1),and K(D)PT (Examples 2 and 3), given ip at 2-100 mg/kg, all possessed dose-related analgesic 
activity against hyperalgesia evoked by acetic acid in mice. In this test, 30 mg/kg ip of each peptide appeared 
to be about a l s effective as a dose of 1.25 mg/kg ip morphine or 5 mg/kg indomethacin (ip) (Tables 8 and 10). 
Further, the four tripeptides possessed analgesic activity when given orally (po) (Table 11). Also the dipeptide 
K(D)P was an effective analgesic whether given ip (Table 9) or po (Table 11). 

Table 8 









Dose drug of (mg/kg, ip) 


Drug 


2 


10 


30 


100 


K(D)PV - 


19(-330/o) 


17(-38o/o) 


15.5(-450/o) 


7(-740/o) 


(D)KPT 


20.5(-280/o) 


24.5(-110/ 0 ) 


14(-500/o) 


9(-660/o) 


KPT 


19 (-330/0) 


19(-310/ 0 ) 


14(-50o/o) . 


8 (-700/0) 


K(D)PT 


24(-16<>/o) 


22(-200/o) 


15(-460/o) 


13.5(-490/o) 


Morphine 


8(-720/o)i 


8(-71o/ 0 )i 


14.5(-480/o) 2 


8(-71 0/0)1 



morphine 2.5 mg/kg ip; 
morphine 1.25 mg/kg ip. 
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morphine 2.5 mg/kg ip; 2 : morphine 1.25 mg/kg ip. 
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Table 9 

Dose of drug (mg/kg, ip) 
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20 



K(D)P 14.5(-45°/o) 6(-770/o) 

KfD)P 11 (-580/0) 6(-77o/o) 



10 



15 



20 



Drug 



Indc- 
meth- 
acin 



Table 10 

Dose of drug (mg/kg, ip) 
2.5 5 



10 



16.5(-370/ 0 ) 10(-61.50/o) 10(-61.5Q/b) 



25 



30 



Drug 



K(D)PV 

(D)KPT 

KPT 

K(D)PT 

K(D)P 



Table 11 

Dose of drug (mg/kg, po) 

5 10 



20 



100 



19(-10°/o) 



13.5(-36°/o) 



14(-380/o) 



13(-52o/o) 
11 (-590/0) 
9(-67o/ 0 ) 
8 (-700/0) 



Claims 



1 . Use, in the preparation of a medicament for use in the prevention or treatment of pain, of (a) a peptide 
of formula (I): 



X— N 




CH — CO — Y 



(I 



wherein X is 

H 2 N-(CH 2 )4-CH(NH2)-C( = O)- or 

H 2 N-C( = NH)-NH-(CH 2 ) 3 -CH(NH 2 )-C( = 0)-. 

and Y is a hydroxy group or an amino acid residue. 

(b) the C-terminal amide thereof, or (c) a pharmaceutical^ acceptable salt of the said peptide or amide; 
■.vith the proviso that the peptide of formula (I) is not Lys-Pro-Arg, Arg-Pro-Tyr, Arg-Pro or Lys-Pro. 

2. Use according to claim 1 , where the proline residue located between X and Y in formula (I) is D-Pro. 

3. Use according to claim 1 , wherein Y is Thr or Val. 

4. Use according to claim 1 , wherein a peptide of formula (II) : 



65 



H" 2 N-CH-CO-N 



(CH 2 ) 4 CH^ 
NH 



-CH-CO-NH-CH-COOH 



CH. 



CH. 



CHOH 
i 



(ID 
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or a pharmaceutical^ acceptable salt thereof is used. 

5 Use according to claim 1, wherein the peptide of formula (!) is 
Lys-Pro-Thr Lys-D-Pro-Thr, Lys-Pro-Val, Lys-D-Pro-Val. D-Lys-Pro-Thr, Arg-Pro-Val, D-Arg-Pro-Val, 
Arg-D-Pro-Val D-Arg-D-Pro-Val, Arg-Pro-Thr, D-Arg-Pro-Thr, Arg-D-Pro-Thr or D-Arg-D-Pro-Thr. 

6 A pharmaceutical composition comprising a peptide of formula (I), C-termmai amide or 
pharmaceutical^ acceptable salt as defined in claim 1 and a pharmaceutical^ acceptable carrier or 

diluent. ... . . .. 

7. A peptide of formula (I), C-terminal amide or pharmaceutical^ acceptable salt as defined in claim 1 

for use as an analgesic. . . . 

8. A peptide of formula ((), C-terminal amide or pharmaceutical^ acceptable salt as defined in claim 1 , 
with the further proviso that the peptide of formula (I) is not: 

(i) a peptide of formula (11!) 
Lys-Pro-Y^ ( |||) 

wherein Y 1 is Val, Phe, Pro. Gly, Thr, Lys or Glu ; 

(ii) a peptide of formula (IV) : 
Arg-Pro-Y* ( IV ) 

wherein Y 2 is Val, Phe, D-Pro, Pro, Gin, Gly, Lys, Arg or Glu; or 

(iii) Arg-D-Pro-Pro, Arg-D-Pro-Lys, D-Lys-Pro or Arg-D,L-Pro. 

9 A process for the preparation of a peptide of formula (I), C-terminal amide or pharmaceutical 
acceptable salt as defined in claim 8, which process comprises chemically synthesising the said peptide, 20 
optionally as a C-terminal amide, and, if desired, converting the resulting compound into a 
pharmaceutical^ acceptable salt thereof. 

10 A method of preventing or treating pain in a host likely to suffer or suffering pain, which method 
comprises administering thereto an effective amount of a peptide of formula (I), C-terminal amide or 
pharmaceutical^ acceptable salt as defined in claim 1 . 25 
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